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■  EFFECT  OF  A  KA09BTIC  FIELD  OF  FHE90ME9A 
19  A  DIODE  WITH  CESIUM  VAPORS 

9.  D.  Morgulis  and  Tu.  I.  Chut or 

Tha  effect  of  a  magnetic  field  on  an  electron  short  circuit  stream  and  on 
characteristics  of  the  entire  strear  -ias  investigated  in  a  decelerating  electric 
field  in  a  diode  with  cesium  vapors  as  a  close  model  of  a  thermoelec trcn  energy  trans¬ 
former;  an  interpretation  is  given  on  the  obtained  expreizaaa  tal  results* 

Investigations  of  the  nature  of  themoelectron  transformation  of  thermal  energy 
into  electric  requires  a  general  explanation  o~  the  role  of  various  physical  pheno — 
mena, which  take  place  an  the  surface  of  converter  electrodes  and  in  its  intereleetro- 
de  space  as  well*  Concentrating  recently  attention  on  diver  sified,and  important  for 
th»  operation  of  such  a  converter*  phenomena  in  cesium  plasma*  which  ordinarily  fills 
up  its  inter  electrode  space*  we  have  now  turned  to  the  question  regarding  the  effect 
of  a  magnetic  field* 

Qiestioas  regarding  the  ffeet  of  a  transverse  magnetic  field  an  the  performance 
of  a  thermos lectrcm.  converter  with  cesium  vapors*  attract  immediately  the  attention 
in  connection  with  tha  fact  that*  1)  in  such  a  way  it  is  possible,  in  principle*  to 
obtain  directly  in  the  converter  a  variable  stream  of  necessary  frequency*  influen¬ 
cing  it  with  a  variable  magnetic  field Jlj and JaJ  in  accordance  with  the  theoretical 
analysis  made  by  ^  cm  the  formation  by  the  converter  current  an  eigen  magnetic  field 
since  this  may  to  a  considerable  extent  affect  its  operation*  Fortunately  the  last 
ones  are  not  so  dangerous,  because  the  calculation  mentioned  ln^2  J  was  made  la  pure 
vacuum  approximation,  while  a  similar  trend ormer  functions  ordinarily  in  tha  pra- 
sanee  of  inter  electrode  cesium  plasma  in  it  ,  where  the  effect  of  the  magnetic  field 

should  he  such  lower*  Ihis  fact  for  one  case  has  already  bean  explained  long  ago 


FTL-TT-63-351/1+2 


1 


espreimentally  in^T^  and  only  recently  theoretically  0  in  report  byJVj  •  In  connection 
-  »•-  -he  0!eat  interest  to  this  problem  on  the  whole  we  explained  in  report  its 
investigation  to  greater  length.  Recently  hare  been  carried  oat  a  series  of  interes 


ting  investigations  on  the  effect  of  a  transverse  magnetic  field  on  bipolar  diffusion 
in  cesium  plasmaj5^»  ^here  is  no  direct  relation  between  our  ease  of  diffu¬ 

sion  of  electrons  to  the  anode  of  the  converter  with  cesium  plasma  and  this  invest! 
gavion. 

The  experimental  instruments  used  by  us  for  the  basic  measurements,  alike  in^J 
were  cylindrical  diodes  with  cathode  with  tungsten  filament  of  a  radios  of  0.15  am. 
mede  burning  hot.  as  usually  in  these  oases,  in  one  of  the  AC  semiconductors ;  the 
anode  was  made  of  tantalum  and  represents  a  cylinder  with  protective  rings  with  a 
radios  of  4  am.  Rcr  a  more  detailed  examination  of  phenomena  .which  have  been  obser¬ 
ved  by  us  into  part  of  the.  instruments  was  inserted  a  small  movable  cylindrical  sonde 
(probe)  similar  to  the  one  described  inf6l  j  the  latter  could  move  in  the  central  pert 
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of  the  intereleetrode  space  along  the  given  radius  with  the  aid  of  a  corresponding 
movable  system  with  screw  threads,  as  is  shown  in  fig.1  (here  K  -  cathode.  jUenode. 

CK  -  protective  ring)  j^prcbei  RS»  -  movable  system). 

Ve  meant  of  utilizing  this  probe  for  designations,  as  in|6J  ,  distribution  in 
space  of  parameters  of  oar  plasma  in  various  conditions  of  the  experlmmt*  The  pressure 
of  cesium  vapors  in  the  device  p  established  by  the  temperature  of  its  bottle  t  with 
in  limits  of.  25  —  2Z|0°C  would  be  10**^  -  0.3  mm  Hg»  The  short  circuit  current  density 
close  to  the  point  of  saturation  was  on  the  surface  of  the  cathode  ^  and  controlled 
by  its  temperature  and  by  the  pressure  p*  and  varied  within  limits  of  from  0.02 
to  2.0  a/oB?»  Near  the  surface  of  the  anode  current  density  was  approximately  25  ti¬ 
mes  smaller.  The  instrument  was  situated  in  an  axial  magpetle  field  .  which  reached 


400  o.  which  perfectly  sufficient  for  the  examined  rroblanj  this  is  evldex&e 


f ran  the  fact  that  1 1)  larmor  radius  *  H  *^2  a  T  at  H  *  400  •  and  electron  ener¬ 
gy  in  our  case  Ve  *  0.^5  -  1  av  does  not  exceed  0.1  am.  then  ^  ^  40  and  (2) 


tjlcael 
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•ifui  magnetic  field  B^  ■  0*63  1R  of  typical  Aide  aeotlon  of  converter  with  R  ■  3  «* 
«n&  I  “  30  a/ee2 , which  with  the  sxsnnery  current  of  850  e  equals  60  e*  3h  eooasetlon 
with  this  it  should  be  said*  that  a  similar  cylindrical  diode  with  cesium  vapors  is* 
ordinarily*  a  model  far  concrete  real  convert era*  consequently  its  utilization  as  a 
model  of  a  similar  converter  under  the  very  same  working  conditions  is  quite  handy 
and  Advisable  for  studying  the  physics  problem  given  In  this  report. 

Ve  shall  begin  »r*nrfn<ng  this  problem  with  the  case  of  two  actually  variable  ce- 

-4 

slum  vapor  pressures*  t  p  =  3»10  snt  Rg  (  t  *  9°°C)  and  p  *  0*3  am  Bg  (t  *  240°C)  and 


quite  close  short  circuit  current  values  1q»  Since  1Q  is  regulated  by  cathode 
perature  changes  ^  the*  as  is  evident  free  the  known  adsorption  dependence  I0  *  f 
CiJc)  the  function  of  the  electrons  outcome  from  the  cathode  yk  changes  hare,  and  it 
means  also  the  contact  difference  of  potentials  A^k^J  •  In  a  similar  way  was  deter¬ 
mined  the  dependence  of  thee  short  circuit  current  Iq  upon  magnetic  field  intensity  H  at 
certain  values  Iq,  The  dependences  I/Iq  obtained  thereat  I/Iq  ■  f  (H)  are  given  in 
fig  2*  Curve  I  corresponds  to  t*  90°C*  I  “  0*3  a/ea^  and  ^  *■  2500%  (small  eirelea)* 

and  Iq  ■  1*3  a/cn?  and  5^^  2300%  (email  crosses) ;  curve  II  -  t  *  240°C*  IQ  ■  0*4 

a/oa?  and  0^  *  1700%  curve  IH  -  t  «  240°C,  Iq  «*  2*5  a/cm2  and  -  2500°K* 

It  is  evlden  from  fig  2.  that  at  a  quite  low  pressure  (curve  I)  and  1^^,2300^ 
when  the  free  run  of  the  eleetrcn^STJ  R  and  contact  difference  of  potentials 

A?k  “  &  Vtanoc  ^**5  ▼  I/Iq  ■  f  (H)  decreases  regardless  of  IQ.  That  is  why  those 
daereaMs  are  always  slower  than  in  case  of  vacuum^ J,  because  the  intensity  of  Bellas 
eritioal  magnetic  field  equals  H*  ••  conditions  corresponding  to  curve  II 
flg*2»  where* on  the  contrary,  ^  /A  R  and  I©  9  0*4  s/cm  (same  as 

in  one  of  the  instance  of  curve  I)* the  form  of  the  curve  I/Iq  m  f(H)  changes  noticeab¬ 
ly  sad  the  tempo  of  its  sloping  slows  dow  ocodiderably.  It  becomes  similar  to  ths 
one  obtained  in  ease  of  bipolar  diffusion  of  helium  plasms  to  the  walls  in  a  magne¬ 
tic  field^T  although  in  our  case  we  have  dealings  with  monopolar  diffusion  of  elec¬ 
trons  to  the  anode*  Otherwise,  in  case  of  curve  in,  when  ^4  r(  hut  “  2*0 
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Fig.I»  Fig.  2. 

iT  2*5  ▼  and  Ie  *  2.5  a/cm2  (approximately  the  same  as  in  another  case  of  curve  I), 
the  picture  changes  radically-here  is  even  observed  of  noticeable  rise  in  curve. 

3he  latter  is  explained  apparently  by  the  fact  that  during  change  over  from  curve  II 
to  curve  HI  both  Iq  and  increase  (as  result  of  partial  desorption  of  cesium  layer 
from  the  surface  of  the  cathode).  In  this  way, are  formed  favorable  coeditions  for 
the  origination  of  an  intensive  cesium  arc  discharge  as  in  magnetron  sources 

of  positive  ions.  Positive  ions  in  this  cc.se  can  causa  additional  neutralization  of 
the  still  existing  electron  space  charge  near  the  cathode  and  possibly  also  additional 
red  hot  gloving  of  the  latter,  which  may  be  the  cause  for  additional  rise  in  curve  ttt. 
On  the  other  hand,  it  could  be  expected  that  an  opposite  role  in  this  case  will  be 
played  by  an  increase  in  electron  diffusion,  on  account  of  reaction  not  only  with 
atoms  ,but  with  considerably  more  effective  in  this  respect  cesium  ions.  By  c coparing 
the  cross  sections  of  diffusion  of  electrons  cy  atoms  Qq  »  and  by 

-  becomes  evident,  that  for  ^  =  5  .  10*^  cm2  and  ^  «  1,5.  xo"12  an? 
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and  n^  «  6*10^  csf3  and  n*  ■  5*  ID12  cm^fO  •  ^  ^30  on"1  "*4  0*  «,  8  c*Tl  4 
In  thin  Mattering  of  electron  by  cesium  ions  there  ehould  be  no  decisive  role  here* 

As  1 a  evidaht  from  abefre  statement*  the  transition  Into  aro  node  of  operation  of  the 
converter  is  favored  not  only  by  an  increase  In  cesium  vapor  pressure  (6^  hut  •  r:  : 
in  electron  stream  density  and  contact  difference  of  potentials*  It  should  be  said* 
that  in  c  end  it  ion  t  ■  90°G*  2500%  Iq  *  1*5  a/ou?  easily  originate  high  fre^*- 

ey  oscillations  with  a  frequency  close  to  100  loo  and  Initial  amplitude  J0  »  0*3  n/cx? . 
On  these  oscillations  (we  studied  same  injlxT]  )*  which  hare*  apparently*  a  temper  t 
nature  is  also  exerted  an  effect  by  the  magnetic  field)  dependence  J/JQ  “  f(H)  is 
shown  in  fig*2*  by  curve  IT*  Making  so  far  no  final  conclusions  we  nevertheless  call 
attention  to  the  hyperbolic  nature  of  the  curve  IT*  in  field  Q<Jl*  then  H  ^  10  e*  which 
is  in  conformity  with  the  diffusion  theory[ll~]  for  the  reaction  of  oscillatory  nature* 
The  above  listed  characteristics  of  diodes  with  cesium  vapors  in  a  magnetic  field 
appear  also  on  the  dependences  of  ratio  I/Iq*  upon  the  retarding  outer  anode  poten¬ 
tial  V#  at  various  E  (Iq*  corresponds  to  Ta  *  0)p  these  dependeneee  characterize  the 
working  eondlticn  of  the  converter*  Similar  dependences  for  t  “  90°C  and  Iq  *  0*3  m/as? 
cure  presented  in  fig*3  in  form  of  continuous  curves  1*2  *3  *4*  which  correspond  to  B  ■  Of 
40*  80}  210  e*.  As  in  ease  of  curve  I  flg*2»  when  ohanging  over  fra  Iq  *  0*3  m/es? 
to  Ip  ■  1*5  m/a?  the  form  of  the  curves  fig*3  remains  unchanged* 

Just  like  curve  I  flg*2  the  family  of  curves  1-4  fig»3  has  qualitatively  the  vary 
same  nature  as  in  ease  of  a  vacuum  diode*.  Actually*  curve  I*  which  corresponds  to 
H  ■  0,  as  If  points  toward,  the  free  movement  of  electrons  fra  cathode  to  anode*  It 
breaks  a way  at  Ta  *  2*5  v*  which  ae  it  could  be  expected*!*  practically  equal  to  ttas 
contact  difference  of  potentials  £ \  *  4*5  “  1*8  *-  2*7  ▼  between  pure  end  red  hot  to 
3^  ■  SSf)0°t  tungsten  oethode  end  the  cold  tantalum  anode  eorered  by  a  cesium  layer* 

And  in  this  way*  the  process  of  the  corrected  anode  potential  Ta*  *■  ^7)c  -  Ta  is  fixed 
by  the  lower  and  recurring  scale  along  the  axis  of  the  abscissa  flg*3*  At  a  gradual 
rise  in  magnetic  field  E  the  zone  where  each  curve  originates  is  displaced  in  the 
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direction  of  acre  positive  values  of  the  corrected  anode  potential  Va*  *  as  it  should 
take  place  in  case  of  vacuum. 


It  should  he  remembered  here  that  for  the  specific  distribution  of  potential,  in 
interelectrode  space  [6^J  which  is  characterized  by  the  presence  of  plasma  and  near 
anode  potential  jump.  The  sharp  descend  in  curves  fig.3  to  the  axis  of  the  abscissa 
can  be  explained  by  the  fact*  that  in  these  conditions  over  the  electron  stream  is 
superimposed  a  noticeable  stream  of  cesium  thermo  ions*  In  accordance  with  data  in 
fig.3  with  the  rise  in  H  there  is  slew  reduction  in  mnirlBiim  output  load  which 

is  important  for  the  operation  of  the  converter)  the  dependence  ^  »  f (H)  obtained 
by  us  ia  indicated  by  the  dotted  curve  1*  in  fig*2*  The  dotted  curve  I*  in  fig.3  in 
dies  tea  the  dependence  I/Iq  »  f(Va)  at  H  =  0  for  high  freqpanoy  AC  current*  which 
corresponds  to  conditions  of  curve  IV  fig»2.  In  this  case,  as  in^O^*  the  value  Ya 
appeared  to  be  smaller. than  in  ease  of  curve  1  fig.3* »  and  the  vary  0*9  v* 

i-iic h  more  complicated  vara  found  to  be  curves  I/l0’  =  f(Vfl).  obtained  ia  case 
of  s  decelerating  field  in  conditions  where  they  correspond  to  curves  II  and  III 
i»e*at  t  -  2l+0aC;  they  are  shown  in  f ig«4»  v-'hara  u  =  0,40.  80  and  210  e.  and 
ec. respond  to  various  desi2nati0.es.  .?irst  of  all  we  want  to  call  attention  to  the 
fact  that  in  contrast  to  the  case  where  t  -  ?0°C,  at  t  =  240°C  I/I0'  does  not  depend 
u*or.  the  value  S  in  the  indicated  range  cf  its  values.  This,  is  possibly,  explained 
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tgr  the  fact  *  that  at^4R  the  nagnle  field  affecting  the  electron  diffusion  eoef 
fieient  2^  and  the  magnitude  of  electron  stream  -  from  the  oathode  to  the  anode  of 
oar  diode  (alike  the  eleotron  stream  from  plasma  to  somewhat  positive  probe Jll^ 

does  not  actually  affect  the  characteristic  of  their  respective  distribution  aeeerdr 
ing  to  energies,  which  is  quite  probable* 

Curve  n  fig*I7*Uhich  corresponds  to  email  1^0*4  */cn?  has*  like  in  ease  of 
vacuum*  a  horizontal  part*  which  extends  to  VQ  =  0*8  ▼. 


The  presence  of  an  initial  horizontal  plot  in  curve  H  fig*4»*«*  is  evident  from 
vcmA  the  dependences  I^f  eOQnec<fced  with  the  existence  in  these  con¬ 

ditions  with  an  accelerating  electron  contact  potential  difference*  which  equals 
approximately  0*8  v*  Since  it  is  noticeably  smaller  than  the  potential  of  cesium 
atom  excitation  (V^  m.  1,5  v)*then  all  collisions  between  electrons  and  atcam  have 
only  an  elastic  (without  noticeable  energy  losses)  nature*  In  the  zone  of  existence 
of  accelerating  electric  field  potentials  formed  by  this  potential  difference  is  pos¬ 
sible*  apparently*  a  drift  of  all  electrons  which  came  out  from  the  cathode*  to  the 
anode  ]l2j  *  Jest  aa  in  case  of  qua  si  vacuum  condition  •  Vhan  changing  over  to  the 
condition  corresponding  to  curve  XU  In  fig*4*  the  contact  difference  of  potentials 
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rises  (^Vk\2.0  ▼)  and  already  exceeds  values  7^  for  cesium*  Together  with  the  In- 

w 

.  '■-.jo  in  Iq  and  p  this  leads  to  the  origination  af  an  intensive  shook  (gradual) 
ionization,  that  is  to  the  formation  of  of  arc  condition (6^J,  The  basic  mass  of  elec¬ 
trons  of  the  short  circuit  current. which  originate  in  this  case,  hare  now  Quite  lew 
natural  (eigan)  energy}  this  is  also  due  for  the  sloping  of  curves  HI*  Surprising 
is  the  presence  in  curve  II  of  such  a  "long  *  tail,  which  at  values  Va  converges  with 
curve  HI*  The  impression  arises,  that  this  is  due  ta>  thermo  electrons  with  local 
cathode  sections  from  which  the  film,  has  been  removed*  It  is  interesting  to  point  out, 
that  the  optimum  output  load  Vm  in  cases  II  and  HI  was  revealed  with  an  identical 
s  °*9  it  ordinarily  does  not  depend  upon  H.  For  the  additional  role  which  in 
this  case  is  also  played  by  an  increase  in  the  cross  section  of  electron  diffusion 
on  account  of  reaction  not  only  with  a  terns,  but  also  with  oesinm  ions,  we  have  already 
stated  before. 

In  favor  of  the  above  considerations  relative  to  curves  II  and  HI  fig*4  speak 
also  the  values  of  parameters  obtained  in  these  conditions  by  interelectrode  plasma, 
i*e*  concentration  ^  and  temperature  Ta  its  electrons  and  space  potential  Vp  of  the 
espective  anode,  With  this  method  were  measured  probe  ohar&oteristios  in  conditions 
closeko  data  given  in  fig*4»  end  the  ones,  at  t  *210°C,  H  ■  0  and  In  "*0*05  a/cm? 

T  JL 

(II*)  and  I0  •  1,5  a/esr  (HI*)  at  a  certain  average  position  (r"£  R)  of  the  probe*, 
the  obtained  characteristics  are  plotted  in  fig*5  (their  scale  along  the  axes  of  the 
ordinates  are  different)*  It  is  evident  fran  fig^5,  that  for  the  characteristic  H* 
n4  «  2»  1019  cm*3,  Te«5000%  Vp=-C.35  v,  and  for  IH*  n^  *  2.1012  cm**3,  Te«2800°K 
and  Vp  »  ♦  0-55  5hasa  data  in  conformity  with  the  ones  Obtained  byfejshow,  that 

in  case  H*  we  actually  have  quasivacuum,  and  in  case  IH*  -  and  arc  operating  con" 
diticn  of  the  diode  and  that  the  transition  from  condition  II*'  to  condition  HI*  is 
connected  not  only  vith  the  rise  in  cesium  vapor  pressure  rise, but  also  (at  hl&aK 
pressure)  with  the  rise  in  force  of  the  electron  stream  and  contact  difference  of 
potentials* 
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In  fig* 6  is  showm the  dependence  of  respective  short  circuit  current  rallies  I/Iq 
upon  the  value  H  at  various  cesium  vapor  actuation  temperatures  (I  •  25°c,  2  -  90°C* 

3  -  120°C,  4  •  I50°C,  5  -  180°C,  6  -  210°C),  but  at  identical  Iq  »  0.6  a/cn£  and 
«.  2500%,  Only  in  ease  t  *•  25°C  Iq  *  0*15  a/cn£  as  result  of  insufficient  neutralisa¬ 
tion  of  electron  space  charge  by  cesium  ions  and  at  t  *  210°C  \  *  2200  as  result 

-6  . 

of  partial  formation  on  the  oathode  of  a  cesium  film*  CXtrve  1  (  pv<10  mm  Hg)  has 
a  practical  vacuum  nature  •  since  at  *  25  ••  a oc cording  to  Hell,  I/^^*0<5. 

With  an  increase  in  t  to  150°C  (eamept  of  oese  where  t  *  120°C)  there  is  a  regular 
ascent  of  the  entire  curve;  due  to  regular  increases  in  the  degree  of  electron  dif¬ 
fusion,  as  it  has  been  Observed  for  example  inj$fj  ,  In  the  sons  t  ■  150  -  180°C 
(pal,  3»10“2  me  Hg)  is  a  sharp  rise  in  the  curve  ,  connected,  apparently,  with  the 
transition  from  gaasl vacuum  ta  arc  condition  (6J*  whoro  latcncivs  iapaet  iocdaation  orir 
ginatss  in  volume,  finally,  in  the  sone  t  ■  180-210 °C  is  a  further  ascent  of  the  curve 
analogous  to  that  described  in  flg^,  l.e,!/!^!*  2ha  nature  of  the  stream  in 
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the  decelerating  fieldp  which  corresponds  to  these  temperatures,  changes  regularly 
frca  the  characteristics  given  in  fig»3  to  the  ones  given  in  fig«4* 

Xn  oasa  t  »  120 °C  and  Z0  *  0*6  a/cm?  the  dependence  I/Iq  *  t  (H )  has  an  anomalous 
character  (dotted  curve  3  1a  flg»6),  This  can  be  explained  by  the  origination  of 


sharply  exiressed  oscillations  (fluctuations)^)^].  In  the  sons  at  the  curve  up  to  the 
'".'served  here  deformation  (H^.  100  a)  these  oscillations  with  a  frequency  ▼  7*3- 120  Ice 
have  a  periodical, though  also  sharply  ncnsinusoidal  nature  (illustration  1  flg*7), 
xnay  are  considerably  different  from  the  observed  by  us  oscillation  of  temporary  na- 
wefcfj  at  the  very  sene  t,B=(r  and  close  to  tha  flat  system  of  electrodes.  On  the 
~ther  hand,  at  12>  a  thaas  oscillations  acquire  a  clearly  expressed  noise  nature, 
as  it  is  evident  frcm  illustration  2  fig»7. 


GRAPHIC  MOT ‘ 

2 


It  is  possible,  that  exactly  in  this  case  (  t~120°C),  ordinarily  purely  qualltatl-' 
ve,  should  take  place  tha  described  in  jllj  mechanism  of  diffusion  in  the  magnetlo 
field  during  interaction  of  oscillatory  nature  and  with  hyper  hollo  dependence  D#  ■ 
f(H),  These  jhenanena, which,  da  take  place  hare,  are  hlfftly  oemplax,  and  it  is  also 
evident  from  fig,8  her  tha  family  of  stream  characteristics  is  plotted  in  the  decal" 
crating  field  at  t  ■  120°C  and  different  H  (0-1,  4 Oe^a,  0Oe-3,  210s-4),  Ve  do  not 
33 ve  at  this  moment  sufficiently  convincing  proof  regarding  tha  nature  of  thaao  foots 
— i  that  la  why  wa  leave  these  ques&ons  unanswered. 

In  fig,9  are  plotted  dapandanoaa  I/Iq  upon  E  for  tha  ease  t »  210°C  (jmO,l  m 
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%)i  nhtt  and  different  eathode  tanpcraguree,  Taad  abort  elreult  current* 

I 

connected  with  it  Ze«  Ourre  1  corresponds  to  \  ■  1100%  Ip  -  0.02  a/eu?,  2  -  1320* 
K,I  -  0,09  •/«£,  3r  ^  *  2l4o%  Ip-0.09  a/«?,  4  -  2480%  J0«l,3  a/«?,  5-  \  » 
2550%  Z^l,7  a/co?.  khan  analysing  thaaa  dependences  It  la  aoeeamry  to  include 

1 

tha  adsorption  dependences  of  tha  short  elroult  currant  Ip  upon  ^{7]  at  t  *  21fl°C 
with  anxlnai  at  -  1400%  and  sharp  rise  at  dj  *  2100%  She  temperature  T*j» 

1400%  characterises  tha  beginning  of  notieaahla  cesium  film  desorption  from  tha  tong, 
stan  liner,  and  *  2100%  -  transition  into  the  field  of  total  desorption.  It  oan 
he  shown*  that  surra  1  corresponds  to  each  a  state  of  the  cathode,  which  at  the 
Richer  deco  constant  1*3  a/cn?#de0ree?  characterises  the  function  of  electron  output 
•  1*8  cr,  i.e.  contact  differ  cnee  of  potentials  relative  to  the  anode  ATj-0 
(considering,  that  1,8  or),  curve  2  in  this  ease  A  7  state  , which  la  characterised 
m  2,0  cr,  V*  °*2-  T»  •ad  corvee  3-3  at-  A  *■  120  a/ca^^legr2  -  state  which  ia 

characterised  tor  constant  values  <Pk«*  4«2  r,  l.e,/yk  «  2^4  tj  all  thaaa  data  are  in 
perfect  cgnaaBk  with  tha  known  data  for  tha  Cs^f  qratan 


Iig.8 

An  analysis  of  curves  fig,9  lands  us  to  a  sarias  of  interesting  conclusions. 
First  of  all  it  is  revaalad  that  tha  slops  of  ourra  1  ecrraaponda  qualitatively  vary 
well  with  the  theoretical  * 
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if  it  is  considered that  the  streem  through  the  diode  ia  proportional  to  the  diffu¬ 
sion.  ooeffioieat  O*  Actually,  if  £  ia  know,  then  on  the  heaia  of  comparing  formulas 
(2)  with  investigation  data  it  ia  possible  to  designate  ^  #  and  by  it  the  effective 
crosa  section  of  electron  diffusion  by  cesium  atoms  <^#  It  appeared  to  be  equal 
%ppr<n±mately  to  100  caT^  at  p  *  1  am  Bgj  these  values  are  in  quite  good  conformity 
with  the  ones  obtained  in{V]  *  In  this  respect  ouh  investigations  correspond  also 
eith  data  of  [9,  14 j  which  proved  validity  of  fcrnula  (2)  for  the  ease  of  monopolar 
diffusion  of  weak  electron  streams  in  a  transverse  magnetic  field#  Whan  changing 
over  from  curve  1  to  2  we  obaerved  a  slight  rise  in  carve# typical  for  the  ease  of 
rise  in  stream  at  praetioally  unchanged  conditions |93* 

The  change  over  ft  an  curve  2  to  3  is  interesting  by  the  fact  #  that  in  this  oasa 
at  unchanged  I„  and  p  (  at  p)#  there  is  a  sharp  rise  in  contact  difference  of 
potentials  The  path  ofthe  curve  ia  sharply  different  from  2  -  curve  3  rises 
£.  bar  ply  upwards  as  result  of  the.  above  mentioned  transition  from  queslvaeuum  to  aro 
mode  of  operation  at  which  in  the  volume  originates  intensive  impest  ionization# 
Oirve  4  analogous  to  curve  HI  fig  2  and  curve  6  fig#6.  finally#  curve  5  fig*9  with 
the  riaa  in  B  no  lcoger  has  a  nail  mm,  apparently#  aa  result  of  the  faot#  that  in 
^his  case  already  fran  the  very  beginning  there  is  e  saturation  stream  and  the  po» 
,antial  minimim  is  entirely  absent# 

It  is  evident  from  above  stated#  than  at  analysis  of  physical  phenomena# which  do . 
interest  us#  is  actually  c duplicated  fay  the  feet,  that  by  the  very  complicated  effect 
of  the  magnetic  field  on  the  diffusion  of  electrons  there  is  still  an  additional 
difficulty#  insufficiently  controlled,  inf luanoe  of  ionisation  ph*"™"-"*!  in  volume# 

In  accordance  with  fccnula  (l)  from  analyzing  the  stream  in  the  diode  it  ia  nooessary 
to  ehange  ovnt  to  direot  analysis  of  the  diffusion  coefficient  £^#  lor  this  purpose 
it  is  also  necessary  to  utiliza  the  probe  method  considered  by  us  before# 
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Figure  9. 


Figure  10. 


This  method  allows  to  determine  the  distribution  of  charge  concentrations  n©  =  np 

dn 

and,  it  means,  also  their  dx  gradient.  Unfortunately,  such  measurement  in  a  magne¬ 
tic  field  are  complicated  by  the  fact,  that  in  this  case  can  be  utilized  only  ions 
of  a  part  of  the  probe  characteristic.  Among  other  things  during  operation  in  our 
system  of  cesium  fill  coating  the  prob*  becomes  heated  somewhat  (6)  and  because  of 
this  it  can  produce  its  own  thermoelectron  emission.  This  thermo  electron 
emission  may  actually  change  the  measurement  results  of  relatively  small  ion 
of  a  negatively  charged  probe  and  in  this  way  to  a  large  extent  hamper  similar 
measurements.  Because  of  this,  we  could  not  carry  out  systematic  measurements 
of  this  type  and  we  are  compelled  to  confine  ourselves  only  to  cases  when 
we  succeeded  in  distributing  the  thermoelectron  and  ion  streams  of  the  probe.  The 
concentration  of  charges  was  determined  by  the  ion  particle  characteristic 
using  the  Langmuir  method  with  the  " attachment”  of  data  obtained  here 
at  H  =  Oto  data  obtained  from  the  electron  part. 
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A  felicitous  example  of  a  toiler  measurements  for  tbs  ease  of  curve  5  flg»9  to* 

at  t  »  210°C,  ^  ■  2550%  I0  »  1,7  a/<a£  in  seals  I*  -  fCV^),  given  to  figilO. 

The  straight  lias  Z  corresponds  to  B  ■  0,  Z/Z0alv  134*120  e,  I/l0  ■  1,  HZ  -  H » 

400  ev  Z/Zq  *»  0*7,  She  solid  straight  lines  pertain  to  the  ease  when  the  feeler  is 

at  a  distanoe  d  *»  2  an  from  the  anode,  dotted  lines  -  for  the  ease  ,when  d  *  0,5  am; 

to  each  group  of  straight  lines  corresponds  a  natural  seals  along  the  axes  of  the 

ordinates.  It  is  evident  from  the  drawing,  that*  1)  to  conformity  with  the  theory 

the  dependence  Z^  »  f  (1^)  has  a  rectilinear  nature;  as  the  angilar  coefficient  can 

be  designated  the  concentration  of  charges  n^  lfaieh  has  here  conventional  values [6j; 

2)  value  Op  changes  in  the  scan  Banner  as  stream  I,i«e,thaae  values  eonvarge  to  eases 

of  curves  I  -  II  and  are  amallar  to  ease  of  eurre  HI;  3)  during  the  connection  of 

a  sufficient  magnetic  fi,id  there  is  a  certain  contraction  of  the  plasma;  4)f*c® 

Agg 

the  interrelation  of  streams  and  valusa  ^  obtained  from  torestigationa  were  design 
noted  according  to  formula  (1)  the  ratios  of  diffusion  coefficients  at  H  ■  0  and 
H*  IfiO  e  0^3;  these  values  do  not  correspond  to  fomula  (2), 

In  this  way,  tbs  physios  data  Obtained  to  this  tovestigaticn  characterize  favor 
ably  certain  behavioral  features  of  our  diode  with  cesium  vapors  to  the  magaatio 
field  es  a  sufficiently  close  model  of  a  thaxxoo  electron  energy  transformer.  It  is 
particularly  possible  to  point  toward  the  feet  that  if  to  the  future  practical  trans¬ 
formers  of  current  type  with  cesium  vapors  will  ha  capable  of  fUontiontog  in  arc 
condition,  which  ie  quite  probably  then  the  influence  of  the  eigen  me  gas  tic  field 
will  insignificant.  In  connection  with  this,  tbs  possibility 

of  utilising  not  a  very  large  outer  magnetic  field  for  direct  obtaizment  of  AC  cur¬ 
rent  to  the  tvaasfomier  of  such  type  will,  apparently  »als  o  be  quite  limited, 
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